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RAY ROBERTS LAKE FOUNDATION REPORT

1. INTRODUCTION.

a. Project Location and Description. Ray Roberts Dam and Lake

project is situated in northern Denton, south-central Cooke and western

Grayson Counties. The Dam is at river mile 60.0 on Elm Fork of the

Trinity River, approximately 30 river miles north of Lewisville Dam.

The location of the project is shown on Plate 1. The principal

features of the project include (1) a rolled earthfill embankment

approximately 14,980 feet long; (2) a limited service spillway

consisting of an uncontrolled trapezoidal broad-crested weir; the

spillway crest length is 100 feet; and (3) the outlet works, consisting

of an excavated approach channel, intake structure and service bridge,

a 708-foot long by 13-foot diameter cut and cover conduit, stilling

basin and excavated discharge channel see Plate 2) & For the future

addition of h~lropower, a separate steel-lined concrete 5-foot diameter

low flow conduit was constructed beneath the main flood control

conduit.

b. Construction Authority. Congressional authority for

construction of Aubrey Lake (now Ray Roberts Lake) is contained in the

Public Works - Rivers and Harbor Act appi oved 27 October 1965 (Public

Law 89-298) in accordance with the plan of improvement as outlined in

House Document No. 276 (89th Congress, Ist Session).

c. Purpose of the Report. This report was prepared in accordance

with requirements as set forth by the Office, Chief of Engineers in ER

1110-1-1801.
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The purpose of this report is to provide a complete record of

foundation conditions encountered during construction. Information

contained in this report will be valuable when evaluating (1) necessary

remedial action required to prevent or repair any problems resulting

from foundation deficiencies; (2) contractor claims related to

foundation conditions or alleged change of condition; and (3) planning

and design of future comparable construction projects.

A copy of this report should be included in the permanent records

maintained at the project office.

d. Project History. Four dam site locations were studied prior to

final site selection. Site No. 1, the project document site, is at

river mile 60.0. Sites 2, 3, and 4 are at river miles 55.9, 51.2, and

64.0, respectively. Three holes were drilled at Site 2 in 1970. No

subsurface explorations were done at Sites 3 and 4.

Site No. 4, located upstream of the confluence of the Elm Fork and

Isle du Bois Creek would require two embankments and in effect form two

lakes. Site No. 4 would also require two outlet facilities or an

equalizer channel. This was the uppermost site considered. Sites

downstream from Site 3 would be in the flood pool of Lewisville Lake

and would require a major railroad relocation.

Based on studies that included an appraisal of the physical,

historic, economic, and social impacts at each site, and the results

from a public meeting held in April 1971, Site No. 1 was selected as

the recommended site. By Public Law 96-384, dated 6 October 1980, the
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project name was officially changed from Aubrey Lake to Ray Roberts

Lake.

Seven locations, designated A through G, for the spillway were

investigated. Cost estimates were made for gated, broadcrested, and

uncontrolled ogee spillways. Consideration was also given to a perched

spillway with the crest elevation at 5 feet, and at 10 feet above the

top of the flood control pool.

Site A was used for the gated spillway estimate for site selection.

It was in the steep slope of the east abutment and proved to be

undesirable from the standpoin -f stability and excessive excavation.

Site B, the recommended site, was used for the uncontrolled spillway

estimate for site selection, and for various other plans. Site B

proved to be the most economical spillway location regardless of type

of spillway. Site E at Culp Branch on the west abutment was

investigated, but spillways here were too costly because of excessive

channel excavation and downstream land requirements. Sites C, D, F,

and G were eliminated by inspection because of excessive excavation and

additional land requirements.

Studies showed that a gated spillway had a higher first cost than

the uncontrolled spillways. Annual operating and maintenance costs for

a gated spillway would also be appreciably greater. Several studies

were made of various plans with both broadcrested and ogee uncontrolled

spillways, in order to optimize size and type of structure.

Studies were made for uncontrolled spillways with widths varying
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from 100 feet to 1,000 feet. These studies indicated that the most

economical project vould be one with the narrowest spillway and highest

embankment. A width of 100 feet was judged to be the practical minimum

and was, therefore, selected for the recommended plan.

e. Contractors Supervision and Quality Control Organization. The

embankment, spillway, and outlet works for Ray Roberts Lake were

constructed under one contract. Pertinent data related to the contract

are listed below:

Contractor: Phillips and Jordan, Inc., Knoxville, TN

Contract No.: DACW63-82-C-0083

Contractor's Bid: $48,657,799

Notice to Proceed: 31 May 1982

Completion Date: 9 October 1986

Total Payment Including Modifications: $51,491,731.27

(1) Quality Control. The quality control organization was

furnished and compensated by the contractor.

(2) Contract Supervision. Construction was under the

immediate supervision of the District Engineer, U.S. Army Engineer

District, Fort Worth, Texas. The contracting officer's representative

for administration of the contract was Mr. Webb Boland. The following

personnel participated in administering the contract: Mr. Mark Gibson,

outlet works construction, and Mr. David Bowie, embankment and spillway

construction.

2. FOUNDATION EXPLORATIONS.

4
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a. Investigations Prior to Construction. Dam Site No. 1 was first

explored in 1939. Eight combination auger and core borings numbered

C-i through C-8 were drilled near the present alignment. The borings

ranged from 67 to 217 feet in depth. In December 1960, three

additional combination auger and core holes, numbered .9 through 11,

were drilled on the right abutment slope, ranging in total depth from

30.6 to 106 feet. There are no testing records on either the

overburden materials or the rock cores and the borings were not

pressure tested. Boring locations are shown on Plates 4 through 7.

Logs of boring are shown on Plates 8 through 39.

Twenty-two additional holes were drilled in 1971 and 1972 during

the General Design Memo Study Phase. These holes were numbered 12

through 27, and B, C, D, E, F, J, and K. The following table shows the

location, total footage, and purpose for these holes.

: Number : Total
Location : Drilled : Footage Purpose

Right (West) Abutment 6 292.0 Embankment Foundation
Left (East) Abutment 1 51.0
Valley Section 4 296.4
Spillway 7 476.3 Spillway Location &

Foundation
Right Abutment Outlet Intake & Stilling Basin
Works 2 95.2 Foundation

*Left Abutment Outlet Intake & Stilling Basin

Works 2 105.8 Foundation

*Alternate location considered for outlet works.

In late 19 2 and 1973, 37 additional holes were drilled. These

holes were numbered 28 through 77. Holes 41 through 49 were 3-inch
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Shelby tube holes, drilled along the axis of the uncontrolled spillway.

Holes 3S-52 through 3S-57 were 3-inch shelby tube holes drilled along

the centerline of the outlet works discharge channel. The other 22

holes were drilled in the embankment foundation.

In 1975 and 1976, holes 83 through 99 were drilled in the outlet

works area, with the exception of hole 3F-86, which was drilled on the

left abutment.

In late 1975, nine 8A6C holes, designated 301 through 309, were

drilled at Site E for spillway site selection. This site was was not

selected.

In October 1980, holes 310 through 316 were drilled, and in April

1981, holes 358 through 366 were drilled, all in the outlet works area.

One calyx hole (42-inch auger) was drilled in March 1975, to a

depth of 46.5 feet to investigate soft clay seams in the embankment

foundation. The hole was located at Station 120+70, 130 feet upstream.

A total of 113 foundation borings were drilled at the project.

b. Investigations During Construction. No problems requiring

additional subsurface explorations were encountered during

construction.

3. GEOLOGY.

a. Physiography. Ray Roberts Dam and Reservoir lie within the

Gulf Coastal Plain physiographic province. The coastal plain of Texas

is characterized by a broad rolling landform extending from the outcrop

of the basal Cretaceous sands to the northwest to the Gulf of Mexico on
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the southeast. It has developed upon a sequence of sedimentary rock

units which dip gently southeastward, resulting in successively younger

formations cropping out Gulfward. The outcrop of each formation or

group in the coastal plain of Texas has distinctive soil, vegetation,

and erosion characteristics which are the basis for further

physiographic subdivision. Ray Roberts Dam and Reservoir lie within

two such subdivisions; the Grand Prairie and the Eastern Cross Timbers.

Damsite Geology is shown on Plate 3. The Grand Prairie, a sibdivision

which has developed on the outcrop of the Washita Group of Lower

Cretaceous age, occurs generally west of the Elm Fork of the Trinity

River. It is characterized by a rolling to hilly topography supported

by limestone, marl, clay shale, and sandy shale. Typically, it is a

grassy country, the uplands being given largely to grazing, the valleys

being important agriculturally. Situated east of the Elm Fork, the

Eastern Cross Timbers has developed on the outcrop of the Woodbine

Formation of Upper Cretaceous geologic age. The Eastern Cross Timbers

is characterized by a rolling to moderately rugged topography which

supports a prolific growth of post oak trees.

b. Site Geology.

(1) Overburden. Overburden oi. the abutments consisted of

predominantly residual clay and clayey materials generally ranging from

25 to 35 feet in thickness. The embankment is founded on these

materials. In t.,e spillway area, 2 to 11 feet of clay and silty clay

with scattered gravel were removed and this structure is founded on.

7



weathered clay shale. Overburden materials in the floodplain consist

of 35 to 45 feet of alluvial clays, silts, sands, and gravels,

comprising the floodplain embankment foundation. In the outlet works

area about 20 to 30 feet of alluvial clays, silts, sands, and, gravels

were removed and the outlet works is founded in unweathered clay shale

of the Pawpaw Formation.

(2) Structure. Subsurface investigations and subsequent

foundation mapping duzing construction of the dam, outlet works and

spillway have not revealed faulting or any other structural anomalies

that would adversely affect the foundation of these structures.

Correlation of marker beds encountered in the foundation borings show

that the strata strike northeast and dip about 60 feet per mile to the

southeast. Locally, minor undulations occur within the strata.

(3) Stratigraphy. Primary materials at the site from oldest

to youngest are Pawpaw shale, Main Street limestone and Grayson marl of

Lower Cretaceous age, and the Woodbine Formation of Upper Cretaceous

age. The broad Elm Fork River valley is partially filled with Recent

floodplain alluvium, while the uplands bordering the valley are often

covered with Quaternary age terrace deposits.

a. Pawpaw Shale. Except for some isolated remnants of

Main Street limestone, the Pawpaw shale comprises the primary strata

beneath the embankment between station 0+00 to the base of the left

abutment, the outlet works, and spillway (see Plates 44 through 48).

The formation icomposd of a soft to moderately hard, gray to black,
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medium bedded clay shale, often sandy with sand laminations and lenses

up to several inches thick. Thin, limy, fossiliferous zones occur

throughout the formation.

b. Main Street Limestone. The Main Street limestone

conformably overlies the Pawpaw shale. A full section is present in

the left abutment. Erosional remnants occur in the central part of the

embankment foundation and on the right abutment slope above elevation

640. The limestone is about 12 feet thick, moderately hard to hard,

gray, fossiliferous, massive at its base, and becomes shaly as it

grades into the overlying Grayson marl.

c. Grayson Marl. The Grayson marl occurs only in the left

abutment at the dam site. It is represented by a soft to moderately

hard, gray, highly calcareous, thick bedded, fossiliferous shale, that

becomes increasingly marly at its base. Often a thin shaly limestone

bed caps the formation separating it from the unconformably overlying

Woodbine Formation. The Grayson and Main Street Formations are usually

mapped as one geologic unit. At the dam jite, their combined thickness

is about 30 feet.

d. Woodbine Formation. The left abutment, above

appvoximate elevation 565, is comprised of sediments belonging to the

Woodbine Formation. Core borings made for the embankment reveal a

fine-to-coarse-grained sand with scattered ironstone concretions and

thin, poorly cemented sandstone seams to approximate elevation 600. In

the basal portion of the Woodbine, a soft to moderately hard, gray to

9



brown, sandy clay-shale predominates, although sand and sandstone can

occur. Carbonaceous fragments are often noted. These inclusions,

along with the generally noncalcareous nature of the shale, distinguish

the material from the underlying Grayson Formation. The Woodbine

exhibits gradational changes, both laterally and vertically, in its

lithologic composition that make correlation between even closely

spaced borings very difficult. The most detailed description of the

Woodbine was developed after excavation of the inspection trench of the

left abutment. Plate 58 is a geologic section of the plan of the

inspection trench along the left abutment prior to placement of the

fill.

(4) Weathering. Chemical weathering (oxidation and hydration)

has affected the primary strata at the dam site to varying degrees.

The shale and sandy shale of the Pawpaw Formation that comprise the

primary strata for most of the embankment section have been only

slightly altered. Staining (oxidation) is present to a maximum depth

of about 14 feet below the top of primary strata that underlie the

upland soils of the right abutment, while the Pawpaw shale beneath the

alluvium in the valley section is fresh. In contrast, the sand, soft

sandstone and shale of the Woodbine Formation that comprise the left

abutment are deeply weathered. The relatively permeable sands and

sandstones receptive to percolating waters are generally weathered

throughout to the top of the first significant shale beds. Weathering

in the snale occurs primarily as oxidation along joints and bedding
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planes.

(5) Ground Water. Water levels are shown on Plates* 44 through

48. Significant quantities of ground water are found in the floodplain

alluvium and in the basal sands and gravels of the low level terrace

deposits. Lesser quantities occur in joints and fractures in the

weathered section of the Pawpaw shale and in the basal portion of the

Woodbine Formation near its contact with the underlying Grayson in, the

left abutment. Prior to impoundment, ground water in the floodplain

alluvium occurred at depths of 20-25 feet. During excavation of the

inspection trench in the left abutment, water seeps were encountered at

the contacts of the more pervious sands and sandstones with the

underlying clays (see Plate 58).

c. Engineering Characteristics of the Overburden Materials.

(1) Outlet Works. Overburden in the outlet works area was

investigated using auger, Denison and Shelby tube samplers.' The

materials consist of sandy clays (CL and CH) with zones of clayey sands

(SC) and gravels (GC-GP). The gravelly zones generally overlay the

primary materials. Overburden thickness varies from about 5 to 25 feet

along the approach channel, from 8 to 20 feet along the conduit, and

from 12 to 45 feet along the discharge channel. Classification and

index testing were performed on jar samples taken from various depths

in the overburden.

(2) Embankment. The overburden materials in the embankment

foundation consist of alluvial clays, sands, and gravel strata.

171l



Classification tests, Q, R, and S strength tests, and consolidation tests

were performed on Denison barrel samples taken at varying depths in the

clay. Classification and index tests were performed on jar samples

taken from auger borings and Denison barrel samples obtained from the

overburden in the floodplain. The following properties were used for

overburden materials in the floodplain:

Moisture content 20%

Dry density 107.5 pcf

Type c 0
Test tsf Degrees

Q 0.8 3

R 0.1 14

S 0 26

(3) Weak Stratum. The following soil parameters were used for

the weak, sandy clay stratum which is located in the foundation near

the base of the overburden beneath the floodplain embankment.

Moisture content 23%

Dry density 102.0 pcf

Type c 0
Test tsf Degrees

Q 0.35 and 0.40 2.5

R 0.1 14

S 0 26

The low, undrained shear strength of this weak stratum is the

controlling factor in the stability of the floodplain embankment.

12



(4) Spillway. The broadcrested weir is founded in weathered

shale. Overburden along the centerline of the spillway increases from

2 feet in the area of the weir to 7 feet in the approach channel and 4

to 6 feet in the discharge channel. The overburden consists of

principally silty clay with some fine sand and locally scattered fine

gravels.

d. Engineering Characteristics of the Bedrock Materials.

(1) Outlet Works. The primary materials in the outlet works

area were investigated using Denison, Shelby tube and core barrel

samplers. Boring locations are shown on Plate Primary foundation

materials consist of unweathered clay shales of the Pawpaw Formation.

The shales contain interbedded sandstone seams and beds that vary from

a few inches to approximately 4 feet in thickness. From station 27+00

to 34+00, a near surface limestone layer was encountered which varied

from about 2 to 7 feet in thickness. Laboratory testing was performed

on selected samples of primary materials taken from borings along the

centerline of the outlet works. Tests performed were classification,

index grain size, unconfined compression and Q-triaxial compression

tests. The approach channel structure, intake tower, and stilling

basin was founded in unweathered shale for which the following

parameters were used:

Allowable bearing pressure 8.0 ksf
Shear Strength, 0 200
Cohesion 0

13



(2) Embankment. Laboratory strength tests conducted on

samples of primary iaterials indicate that the shale stratum underlying

the overburden through the floodplain has a low to moderately low

strength, but its strength increases with depth. Although the strength

of the shale is relatively low in the upper portion of the stratum, its

strength is greater than that of the overburden; therefore, it is not

the governing factor in the stability of the embankment.

(3) Spillway. The spillway is founded on interbedded silty

shale and soft sandstone of the Pawpaw Formation. The materials are

adequate to support the light loads to be imposed.

e. Unusual or Unanticipated Geologic Conditions Encountered During

Construction. No unusual or unanticipated geologic conditions were

encountered during construction.

4. EXCAVATION PROCEDURES

a. Excavation Grades. Foundation conditions encountered during

excavation of the outlet works, inspection trench, cutoff trench, and

emergency spillway were about the same as described in the subsurface

data in the plans and specifications. The design slopes were achieved

without any problems. The only deviation from designed grade lines was

overexcavation in the primary materials. In February 1984,

overexcavation occurred in the area adjacent to the outlet works

conduit, between stations 28+90 and 29+80. The maximum depth of

overexcavation was 2 feet. Contractor backfilled the overexcavation

with concrete.

14



b. Dewatering. Provisions. No ground-water problems of a serious

nature were experienced in the outlet works, inspection trench, cutoff

trench, or spillway excavations. On occasion, heavy rains partially

filled the excavations. Small seeps were present in all the

excavations except the spillway and are noted on the drawings. Surface

water and the small amount of ground-water seepage experienced were

handled by pump and sump operations. See Figures 1 through 6. All

concrete and impervious backfill placements were on foundations free of

water.

c. Overburden Excavation. Overburden materials excavated

consisted of residual clay and other clayey materials on the abutments;

alluvial clays, silts, sands, and gravels in the floodplain inspection

trench and outlet works; and clay and sandy clay with scattered gravel

in the spillway area. See Figures 7 through 12. Bulk excavation was

done by Caterpillar scrapers. Finished grades were achieved with motor

graders. Overburden materials considered suitable were used as random

and semicompacted fill.

d. Rock Excavation. All rock excavation was accomplished using

rippers and scrapers. Much of the weathered shale was used in a manner

similar to the overburden; as random or semicompacted fill. Excavation

methods were also similar. After bulk excavations of weathered shale

by caterpillar scrapers, final grade was accomplished using motor

graders. Exposure of weathered or unweathered shale of the Pawpaw

Formation was limited to 3 days. See Figures 13 through 20. When this

limit was exceeded, the contractor was required to clean the exposed

15
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Figure 1. Outlet Works ei:cavatioi, showing peripheral ditches
controlling ground water.

Figure 2. Same as above
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Figure 3. Outlet Works excavation showing peripheral ditches
controlling ground water.

Figure 4. Same as above.
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Figure 5. Outlet Works excavation showing peripheral ditches
controlling ground water.

Figure 6. Same as above.
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2)

Figure 7. Right Abutment inspection trench looking east
(Upstation)

Figure 8. Left Abutment looking east. *
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Figure 9. Downstream face of right abutment inspection
trench approx. sta. 66+50 to 69+00, looking east
(Upstation).

Figure 10. Upstream face of right abutment inspection trench
Approx. sta. 66+50 to 69+00, looking east.
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Figure 11. Right abutment inspection trench, looking west

(downstream).

Figure 12. Same as above.

21



U. b. ARMY

Figure 13. Intake Structure, hand cleaning shale foundation.

Figure 14. Intake Structure, placing re-bar for slab.
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Figure 15. Looking Upstream from valve vault, showing
fresh shale surface prior to placement of impervious material.

Figure 16. Foundation for approach slab.
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igure 17. Excavation for intake for hydropower conduit at
intake structure slab - looking downstream.

,N,

Figure 18. Hydropower conduit - placing gunite,
Sta. 29+50-30+00.

24



U. S. ARMY

Figure 19. Hydropower conduit, looking downstream,
Sta. 29+20.

Figure 20. Hydropower conduit, looking downstream,
Sta. 30+10.
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face by jackhammer and/or air jetting before protective concrete was

placed.

e. Line Drilling, Presplitting, and Contour Blasting. No line

drilling, presplitting, or contour blasting were performed during the

course of construction.

f. Foundation Preparation. Clay shale of the Pawpaw Formation

forms the majority of the foundation in the outlet works excavation and

in the excavation for the sill of the limited-use spillway. See

Figures 21 through 29. Primary materials in general were not exposed

in cutoff or inspection trench excavations. See Figures 30 and 31.

The most predominant material exposed was clay, especially CH clays.

Since the clay shale deteriorates upon exposure to air, usually very

noticeable within about 3 days, protective sealant or lean concrete

(Gunite) were specified for exposed shale surfaces. See Figures 34,

35, 36, 41, and 42.

g. Gunite in Conduit Excavation Walls. Problems with Gunite

(protective concrete) developed in November 1982 in the hydropower

conduit section between Stations 26+63 and 30+85. Excavation of the

trench was done between 10 November 1982 and 23 November 1982. Gunite

was applied, as excavation progressed, on the floor and nearly vertical

walls of the trench. Inspection on 24 November 1982 revealed numerous

horizontal cracks, circular areas where Gunite has fallen off the wall,

and evidence that voids existed behind the Gunite face. Inspection on

30 November 1982 revealed that deterioration of the Gunite had greatly

26
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Figure 21. Excavation for hydropower conduit at intake
structure slab.

Figure 22. Same as above.
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Figure 23. Excavation for hydropower conduit at intake
structure slab.

Figure 24. Same as above.
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Figure 25. Excavation for hydropower conduit at intake
structure slab.

Figure 26. Same as above.
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Figure 28 Saea aoe
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.4 A

Figure. 29-.Spillway -placing concrete
footings.
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Figure 30. Looking downstation along dam centerline at
intersection of embankment centerline and outlet works
centerline.

Figure 31. Later view of same area.
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Figure 32. Inspection trench looking upstation (east).~%

S

A**

Figure 33. Inspection trench looking upstation.
Sta. 83+00 - 91+00.
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Figure 34. Intake structure foundation spraying aerospray.

Figure 35. Intake structure foundation - applying gunite.
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Figure 36. Intake structure foundation - placing protective
concrete.
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Figure 37. Forms for intake structure.

g'4

Figure 38. Outlet works, left side looking downstream at
intake structure wing walls showing fresh shale surface.
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Figure 39. Intake structure, left side looking upstream.
Fresh shale surface prior to placement of impervious.

Figure 40. Same as above.
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Figure 41. Hydropower conduit excavation showing gunite and
aerospray application (looking upstream) Sta. 28+50 - 27+50.

Figure 42. Same as above.
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accelerated, apparently because of a heavy rain on 25-26 November 1982.

See Figures 43 throujh 46. From Station 28+25 to 30+85 the Gunite was

severely cracked and broken and an estimated 30-foot long section on

the east wall of the trench had fallen. Most of the Gunite on both

walls in this section appeared loose and ready to fall. Portions of

the Gunite, though still in-place, had void space between the Gunite

and the rock face. This space could provide a seepage path along the

outside of the conduit connected directly to the reservoir pool. A

contract modification was signed on 3 December 1982 which stated:

(1) On remainder of penstock excavation (Station 30+85 to

Station 34+07), delete pneumatic concrete from the IV: ..09 H slopes,

and spray these slopes with Aero-spray 70 as often as requires to

prevent weathering of shale.

(2) Between Stations 28+22 and 30+75 remove all pneumatic

concrete which is drummny, cracked, or loose. Spray exposed shale with

Aero-spray 70 as often as required to prevent weathering of shale.

(3) All future penstock excavation (Station 30+85 to Station

34+07) and removal of existing pneumatic concrete (Station 28+22 to

Station 30+75), will proceed at a rate to accommodate one placement at

a time to minimize shale exposure.

The contractor agreed that no more than 3 d'ys would pass between

exposure of the clay shale and concrete encasement. On occasions when

exposure was more than 3 days, deterioration, consisting of severe

drying, cracking and checking, was often noted. Contractor was then
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Figu e 4 * F L~ue of gunite on ydropower 
conduit e. c va i

Figure 44. Same as above.
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Figure 45. Failure of gunite on hydropower conduit excavation.

. i.

Figure 46. Same as above.
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instructed to clean loose and drummy rock by jackhammer and to make

final cleanup with compressed air before placement of concrete.

h. Safety Protection Against Slides and Rock Falls. Slopes

excavated to design grade were generally not steep enough to require

special protection against slides and rock falls.

5. PILE DRIVING AND SPECIAL FOUNDATIONS. No special foundations, such

as driven piles, caissons, or drilled piers were utilized.

6. TUNNELS, SHAFTS, AND UNDERGROUND STRUCTURES. The construction of

this project did not include any tunnel shafts or underground

structures.

7. FOUNDATION ANCHOR TEST. A foundation anchor test performed

4 April 1983 at Station 34+93.5, 5 feet west of outlet works centerline.

See Figures 47 through 50. The surface elevation was 531.3. The test

was performed in the chute foundation area on a 12-foot anchor with

test results shown on pages 19 and 20.

8. CHARACTER OF FOUNDATION.

a. General. The limited service spillway is founded in weathered

clay shale of the Pawpaw Formation of Lower Cretaceous age. The outlet

works conduit, chute, and stilling basin are founded on unweathered

clay shale of the Pawpaw Formation. Except for the left abutment, the

inspection trench was almost entirely in overburden with clays and

silty clays predominating. The Woodbine Formation, the basal formation

of the Upper Cretaceous, was exposed in the inspection trench in the

left abutment. It consists of weathered reddish-brown sands, clays,
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Figure 47. Pullout test. Stilling Basin.

Figure 48. Same as above
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Figure 49. Pullout test. Stilling basin.

Figure 50. Same as above.

44



TEST NO. 1

Load Deflection
Time In Tons PSI In Inches

1044 0 0 .000
1044 5 930 .017
1049 5 930 .017
1050 12.7 2350 .026
1105 12.7 2350 .026
1105 17.7 3150 .035
1110 22.7 .046
1115 22.7 .046
1115 27.7 .059
1120 Stopped test - sag in "I" beam causing deflection in anchor

bar.

TEST NO. 2

Load Deflection
Time In Tons PSI In Inches

1137 5 930 .003
1142 5 930 .003
1142 12.7 2350 .015
1157 12.7 2350 .016
1157 17.7 3150 .023
1201 17.7 3150 .023
1201 22.7 4050 .034
1207 22.7 4050 .034
1207 27.7 4950 .045
1212 27.7 4950 .046
1212 32.7 5850 .060
1216 32.7 5850 .067
1216 36.0 6600 .075
1221 36.0 6600 .085
1222 32.7 5850 .085
1226, 32.7 5850 .085
1226 27.7 4950 .078
1231 27.7 4950 .077
1231 22.7 4050 .068
1236 22.7 4050 .068
1236 17.7 3150 .057
1241 17.7 3150 .057
1241 12.7 2350 .043
1246 12.7 2350 .043
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TEST NO. 2

(cont'd)

Load Deflection

Time In Tons PSI In Inches

1246 5 930 .018
1251 5 930 .018
1251 0 0 .000

1300 0 0 .000
1300 5 930 -.012
1305 5 930 -.012
1305 12.7 2350 .000
1310 0 0 .000
1310 5 "30 -.006

1315 5 930 Reset to .000
Bar deflecting downward and horizontal under initial load.

1320 5 930 .000

1320 12.7 2350 .016
1335 12.7 2350 .016

1335 5 930 .003
1340 5 930 .003
1340 0 0 -.006
1341 5 930 .001

1346 5 930 .001

1346 10 1820 .011
1351 10 1820 .011
1351 15 2750 .021
1356 15 2750 .023
1356 20 3650 .038
1401 20 3650 .038

1401 25 4550 .049
1406 25 4550 .050
1406 30 5450 .064

1411 30 5450 .064

1411 35 6300 .078
1416 35 6300 .083

1416 40 7200 .107
1421 40 7200 .109

Stop Test
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and sandstones ranging from soft and friable to moderately hard.

b. Character of Overburden Materials. Overburden materials

comprise the foundation for the embankment, in the outlet works

approach and discharge channels, and in the approach and discharge

channels for the spillway. Overburden materials exposed in the

inspection trench and cutoff trench consist of alluvial clays, silts,

sands, and gravels in the floodplain between Stations 105+00 and

136+00, and residual overburden on the abutments. Residual overburden

consisting of clay and silty clay was exposed in the approach and

discharge channels for the spillway. The outlet works approach and

discharge channels were excavated in fluviatile terrace and floodplain

alluvial materials consisting of clay, sand, silt, and gravel.

c. Character of Primary Materials. The Pawpaw Formation comprises

much of the foundation and was exposed in the outlet works and the

spillway excavation. The Pawpaw is relatively level and finished grade

was of .;i on or near bedding planes. See Figures 13, 16, and 18. In

the outlet works foundation, the clay shale is generally soft to

moderately hard, unweathered, gray to dark gray and thin to medium

bedded with scattered sandy seams and occasional sandstone seams north

of Station 27+00. South of station 27+00 the clay shale contains up to

50 percent fine-to-medium grained sandstone and sandy seams. The base

of the sandy phase was encountered at elevation 523, Station 36+15 in

the chute foundation. A 2- to 3-inch thick fossiliferous zone was

exposed near the base of the chute at elevation 520.0. Excavation,
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cleaning of shale surfaces, and placement of fill are shown in Figures

51 through 64. The stilling basin foundation surface was described as

shale, soft, slightly sandy with occasional sandy pockets and zones,

fossiliferous, gray. See Figures 63 and 64.

The sill foundation for the limited use spillway was excavated down

to a sandy, stiff, yellowish-brown to light gray clay, underlain by

about 3 feet of gravelly clay. The edges and narrow sections in the

middle, horizontal part of the foundation were keyed into weathered

shale of the Pawpaw Formation. The approach and discharge channels

were excavated in sandy clay. See Figures 27, 28, and 29.

9. FOUNDATION TREATMENT. No grouting was necessary at the project and

no dental concrete or broom grouting were utilized.

10. FOUNDATION INSTRUMENTATION.

a. General. The instrumentation program at Ray Roberts Dam was

designed to monitor five basic areas which are discussed below. A plan

of instrumentation is shown on Plate 57. The following descriptions

are taken from "Periodic Inspection No. 1, Ray Roberts Lake, July

1987."

(1) Initial Embankment and Closure Section. Nineteen

piezometers were installed to monitor pore pressure development in the

floodplain foundation during construction of the initial embankment and

closure section. Settlement gages (12 deep settlement plates and 3

foundation surface settlement plates) were installed to monitor

vertical movement of the foundation in the floodplain, and 8 surface
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Figure 51. Outlet works, left side looking upstream. Fresh
shale surface prior to placement of impervious material.

Figure 52. Same as above.
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Figure 55. Outlet works excavation, right side looking
downstream. Placing fill on fresh shale surface.

Figure 56. Outlet works, right side, looking upstream.
Fresh shale surface.
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Figure 57. Outlet works, right side looking upstream.
Cleaning shale surface in increments prior to placement
of fill.

Figure 58. Outlets works conduit, looking upstream.

52



,CORPS OF ENGINEERS U. S. ARMY

Figure 59. Outlet works looking downstream from tower.

Figure 60. Same as above.
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KIP.7

'M *Ok

M-W1

Figure 61. Outlet works, right side, looking downstream.
Cleaning shale surface prior to placement of fill.

VC..

Figure 62. Same area as above.

)
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-RI

Figure 63. Stilling basin. Spraying aerospray.

Figure 64. Excavation for discharge from valve vault.
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reference marks were provided to monitor embankment movement. Twelve

inclinometers were installed to measure lateral displacement of the

foundation during construction of the initial embankment and closure

section. Of primary concern in planning the instrumentation program

was the performance of the initial embankment which was designed to

preload and consolidate the floodplain soils.

(2) Left Abutment. Nine piezometers were installed to monitor

potential seepage effects at the left abutment (the upper portion of

the abutment consists of pervious strata) including uplift pressures

acting on the downstream portion of the embankment.

(3) Embankment Underseepage. Twenty-six seepage piezometers

were installed in the embankment foundation to monitor underseepage.

(4) Outlet Works. To monitor movement of the outlet work

structure, reference pins were installed within the conduit, on the

stilling basin walls, and on the service bridge.

(5) Embankment Crest. A set of embankment station monuments

has been installed along the downstream side of the crest to monitor

post-construction settlement.

b. Schedule of Instrumentation Reading. Instrumentation located

at the project will be read by CESWF-ED-G personnel according to the

following schedule, or more frequently, if deemed necessary.

o Piezomcters - quarLerly

o Inclinometers - annually

o Seepage Interceptor - monthly and when pool reaches 580, 590
600, and 632.5
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o Settlement Gages - quarterly and when pool reaches 580, 590,

600, and 632.5

o Outlet Works Reference Pins - semiannually

o Embankment Reference Marks - quarterly

c. Settlement Plates and Deep Settlement Plates. Settlement

Plates SP-l through SP-3, and deep settlement Plates DSP-I through

DSP-12 were installed in the floodplain foundation prior to and during

initial embankment construction to monitor foundation settlement.

Settlement plates consist of a 36-inch square, -inch thick steel plate

placed within the foundation materials and welded to a steel riser pipe

extended through the embankment fill.

d. Inclinometers. I-i through 1-12 were installed within the

floodplain embankment foundation prior to construction of the initial

embankment to monitor horizontal deflection within the foundation. To

provide a fixed frame of reference, all inclinometers were anchored in

the primary clay shale. Inclinometers consist of a 3.34-inch diameter

grooved ABS casing manufactured by Slope Indicator Company, Seattle

Washington. Inclinometers were extended through the fill and steel

casing.

e. Piezometers. Piezometers P-1 through P-43b have been installed

within the embankment foundation materials to monitor foundation

performance during construction and after impoundment. Open system

piezometers utilizing porous plastic tips as manufactured by Slope

Indicator Company, Seattle Washington, were installed using 3/8-inch

diameter PVC risers and extended through the fill with steel casing.
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Piezometers P-I through P-19 were installed within the floodplain

embankment foundation prior to construction of the initial embankment

to monitor excess pore pressure development during construction. After

embankment completion, piezometers P-20 through P-36 were installed on

the downstream toe and slope within the sands and gravels overlying the

shale. Piezometers P-37 through P-43b were installed after embankment

completion, within the sandy abutment materials. All Piezometers (P-20

through P-43b) will monitor seepage within the foundation materials

during and after reservoir filling.

f. Surface Reference Marks. Reference marks consisting of a brass

monument, set into a 6-inch diameter pipe filled with concrete, were

installed within the floodplain embankment to a depth of 5 feet to

monitor vertical movement.

g. Reference Pins. Reference pins were installed along the outlet

works conduit invert, stilling basin monolith walls, and service

bridge. Reference pins which consist of bronze bolts embedded in

concrete are used to monitor vertical movement of the monolith or

slabs, and relative movement between monoliths or slabs.

h. Seepage Interceptor System. A seepage interceptor system has

been installed within the left abutment embankment foundation to

collect underseepage. The discharge is currently being monitored to

record the normal ground-water flow. Flow from the system will be

monitored, along with piezometers P-37 through P-43b, during

impoundment when the pool reaches elevation 580, 590, 600, 620, and

632.5.
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11. POSSIBLE FUTURE PROBLEMS. At the time foundations were approved

and the dam completed in October 1986, no potential for future problems

was apparent. The first periodic inspection was performed in July

1987. By that time several minor skin slides had occurred in the

spillway approach channel slope. It was concluded that this problem

could be easily remedied. Other minor problems are addressed in

"Periodic Inspection Report No. 1, July 1987." The dam is considered

to be in good general condition.

12. RECORD OF FOUNDATION APPROVAL. A record of the date when each

section of the outlet works foundation was approved is shown on Plate

58. Records of approval of final foundation grades were kept for all

foundations on which concrete was to be placed. The foundation for the

emergency spillway was approved as a unit on 11 February 1984.
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Figure 65. Outlet works, right side looking downstream.
Cleaning shale surface in increments prior to placement

of fill.

Figure 66. Placing fill.
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Figure 67. Outlet works. Placing fill.

4 4

Figure 68. Outlet works backfill, looking
downstream.
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Figure 69. Excavation for valve vault.

Figure 70. Same as above.
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Figure 71. Discharge pipes from valve vault.

Figure 72. Same as above.
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sandy, fire to .edi, hard, so
ihr very fossilferros, laminate

dark gray
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92 6 0 .2 7.0p10 4 7 .0 ' to 14 .4 ' cla y , at
92 C 1 .4tp 1.8'sandy, firm to .dimn

very weathered, horizt
to ~ fractures, yellow tot

Start 2" Core 14.5'596.3' 4.S578.4 44 t 58 sdt
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585.ai25 25.8' to 41.8' SHALE. clasm~
ioasiIfirm weathering sais in

upper 3.0'; sandy, laminated \2.'t 06sae
Snall fossila tjsru out dk 2and5. fto 3.hla te,c
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29.0'. Lime sesse at5'.6 6_
33.0' Ucih is~b.1 th T. D. 30.6'
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2.8' to 41.8' SULZ, tlay-
fit. .0atlI*rng stains t 22.5' to 30.6 shale, clayey,

.par 3.0'% sandy. laminated
smAll fosils thoe ot dark sandy, fire laiosted, fe

9r17 
marina foslls, dark ry

100

VTE: 94.8 of vathering at 381.6' 0.6-_
29.0. Line soa at
35.0' vh ch il b.l- t-- T. D. 30.6'
thick

90 
7

ENG Fo't" 18 36 a. %m- sA60 t9 I m
41.8' to 43.3' SM, clayey, .71t

1. fir.-alat sandstone, distl ct
beuAg, fit. to midlim tray

43.3' to 60.0' SUHL, cumye

stay fir. to smedius, bard
lin bouldar at ".8, ve_ RECORD DRAWING-WORK AS BUILT
fosailfar s from 47.0 to S1
Leminat 4' sodstooa at

N8.0', dark gao
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U *0,00lno0 O, 1 00 NOLt-

rpSn-Ireers 03 o1f E n,-iter
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o.-Z~- cst -- 00 000(0 o.e, 7 ...0 0.000 .... 1
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1* l~ .ll~ o itot • o1t..y, .€t195.2

*0'" " 0 '+0' ): , 4.;. ... ,. .,. *.. -,,-0

k(t. ilu"o. 0......1................

0.0' to 13 .7 1. f r '6tion, "0.0' to 24..6

hole %tos boiled to
1.3.5'. San* level ----

0.0 to 10.0 - 0.0 to 6.6 or- 0,ols..
cc= ; ac t, $1 i . o is t, rvi'is s i rooto e t

-- black.

10.o to 13.7 - ire to 2. Jarst 6-1.

M.!, t or fi1n A. 0.0 to 4.7 6.6 t 12.6 - ,n-.d

- ~ t0zo 10.0 to 1.7 IA SU6o 6. sand,
r e ed, el -round ed C . 6 .4 to 6 .4 d s at er. d o eta
co=rpatt to do rsmed l D. 8.1 to 10. dk, trosm.

10. toist, red. E. 10.0 to 13.7 0.0. ,

1h.ard to.
- -- u.sl v/au er 0 3. Cartnst . from 22.6 to 24.6,

1 .7 ....-- 1. 14.2 to 15.1 moist, tan.
1? - 2. 18.3 to 19.3

3. 23.6 to 24..5 --.-

13.7' to 26.1' 4. 29.0 to 300S
35 .7 to 36.6. 42.9 to 4.9 : 24 .6 to 28.61l'l I" " O~ ~ 7. 4S.3 to 49.1

13.7 to 23.3 - sble7, SW 311, cd. € ayteyo- 1€.

lg."ly fouslf.- r. -- t' radium cnmpctn
bI', thic;-b dded, I1. . so, 8 casing sot to tan.

20 %frittw-d and 14.)3'. 2.
wosIntd, sl. sta!i ed

to 22.0', y. 5. rdjlio etmhod s 28.61 to 39.6'

23.3 to 26. - ver7hs 1. 0.0 to 13.7 - sos ,
diszoni bit used in -J.-L 2 erer. £7.L!, sanduy, osi. eic.,
this section. 2. 13.7 to 23.3 - 6 - sisto0. i€c'oosieg vi

carboloy depth, h~rdn@s decrot In

~, IL 3. 23.) to 26.4 - 6 . w dpth, atidn ed o
dis and fr. 36.61, tat.

-- ~ ~ 4.. 26.4. to 51. fin 366,tn
-2.1.' to 51.0k carboloy.S . Drilled into S gpT 1

con-cle.,z. hard, a: 039.6' vith d. bb'l. - -

DO visible beddin Stit so sugar a39.6'

ocs. iltotaonfil 39.6' to 4.3.01

.CPAGEL fine to ndium

gbofr::, I'osoy .to =N
AV-J 4. dense.-|5
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)I? t.6DC-13

Fopt'. trth o3I t. I -1oo,, . kc. -.oi" -.,. ! 2.,.o. o,.-,I .., * oat .tI.

Aup -- ,o.r.d ino prir; terial 3. 39.6 to 1.5.o0- au z
*0- 13.0. o 1- ~* 5 1, 4. 45.0 to 95.2 - 6 -

1C cletd ot, ar sodstartd cartbsloy.
M. ' .... . I . .. .... . core C 45.0 - -

.13 19 7i 9 7

- -t ,t :, Co., aaPtLl3.Y)6 t t. -9u

---- ~ ~1 ..- 43.0' to 93.1.
';--".'. i 1 71 27 7 1 - si..Z , otI , c le, to ell WM AotA.21 caro 2o

C ,,o.* chic. with deptb, P. he dO fro 4..5.0 to 53.2t
c. ,, oot -IC.-- black to g.ep. 07 as 14.6.. olo tap

,s .+.. ,, ., ,i for dept at 53.2a.
- C l- I-_ ,oss possibly o.cu e

Sp 4 ' 1-5. o T57.2 - thin to froc. 50.5 to 52.0,
core Serating at11 13006c.msa s - 53.2 to 95.2 -oore

to 2.6' 2. After ocoto, 0 .... blow. 9
-- a Wiled to 90.0',. . .

W -atr I1will be =ozz • 57.2 to 93.4 - core r,-n --
66in at laer dta. from bbt1. as contin t
nto .6 - o so, I stalks

tot, -tiff tob, ',, 09 hd0
c ack. re -o le Sandstole, fi-e-graina,

0.0 k.- t .riable, lanosted, o ,--

to 12.6 - nsn-*S , A. 0.0 to 2.6 45.0 to 450 , 45.6(s1) 3lot, $11. Mzod7t 51.3 to 52.3, 53.3 (0 11.

2.6 t .oeVIn I.et -1 56 (0.1) 0

6.66to 21.6-oac., It* 1. 2.6 to 4.6 a58.8' - 0.05 $a= Of
.6 I to 26'1 stin 2. 4.6 to 6.6 broken 3114011.
101ram 22.6 to 24.6, 3. 6.6 to 8.6

o2slat, tan. 4. 8.6 to 10.6 - 61.2 to 61.7 - zone of C-I'Ar,-,er be8
to 1.6 60-14 at 56.2 to 5.

16. 6. 12.6 to 1U.61. 7. U.6 to 16.6 L1. . . 8. 16.6 to , 18.6
t0.o 28.6' 4.1 9. 18.6 to 20.6

22.
2 6 a0 o t D o n Ilet , 2 . 20.6 to 2 .6 dro -e.8 te o 93. -

n8. ..2*.6 to 24. 6 8 .6 h. , porly-
23. tdu z. 2 .6 to 26.630. 1 3. 26.6 to 28.6 70 -- o=.

32. 1 23.6 to 3 .6 0 " - 6.34 1. 3o.6 to 3P.6 h - . -
3.'. 16. 32.6 to3'n.6 J js
36. 39.6' 10 17. 34.6 to 36.6

. 18. 36.6 to 38.6
Jsandy arll. calc., 19. 38.6 to 39.6

tueIcesc wij~y t Tiotat Uar SaTeis take
hi bh, hardnessadecrea 1Zn 2.g from as. after eaich
net. depthj, sat t.d dopt-

S 36.6', '.45. ~ , Penstocito. rwadiol~
shown in colm at 1 ,7-

46.1 odintoSan grit 1 . etro, . -7
5.. th d. bb'l. - - -- 1. 46.7 t. 47.6

5. 8.gr3.i-2. 54.3 to 54.865. 3. 59.2 to 60.2 5.

71. 3.1 4. 65.7 to 66.7 ALL

76. 01. o .5 to 7 2 .5
85. im oM S 6. 76.9 to 77.9 c

e I 7. 85.1. to 864 0 Q
oc, s9nd, -*to..3 to 94.4
I o,.cse to ::ed.j M. .8.)93r.ato96.,

5.. 81coin St o

2.6:6 6. Drilling wetoodes
d.1 0.0 to 2.6 2..t3.-6

93.4' to 95.2' 0

USIshale~t, ALL S4O - --- Se rker bed
noulr fossil If. ha (ce see 610-1 at 88.41

TD. - 95.2' -

lA



... - rupw Into Pr~ery = ter 3. 39.6 to 45.0 - &uI U!

0 .3.0' - - Set1 asi.g to 5.. 45.0 to 95.2 - 6"cleaned out, nd started 6' carboloy. -

core 6 45.01 r • -

4.5.01 to 93.1

- SHALZ , mo-elic. to v-11 IVIuEt Actal core loss
ciac, vitt dept, a. haI fro 4.5.0' to 53.2'
black to ray. '07 vas 14.61. Vole t.p

for depth at 53.2'.
111- loss possibly occureZ

45.0 to 57.2 - thin to frva 50.5 to 32.0,
medi= bededwithdriling a~s 0057 mrt

coe seprting at In t-is Zone.
-Md Se.s listed 53.2 to 95.2 - core

S blov,. recovery s 98%
S*3 1.

57.2 to 93.. - core
2 rco b'1. a, co2ti7

- mstotoe, fine-grained, -
--- friable, 1-z' ted, S--

- 0 follovlng depths:
- 415.0 to 4.5.?, 1.5.6 (o 1) 3

- 51.3 to 52.3, 53.3 (0 b_
542 (0.1), 55.1 (0.1 09
55.6 (0.1

7 a 58.8' - 0.05 sea= of
brokoen shells.

61.2 to 61.7 - zone of Cc- larer bed.- s-- -
cteroUs brokeA sbel 4 6DC-14 at 6.2 to 56.8

L
ro- F 62.8*o 93.4 - / /

occas. tbi, poorly- 5
defined, friable aed"

- ean.

-S!

01

_____ 93.4' to 95.2'

SMI, T, sisle*, 2l.- .-.. * )arker bed
nodular, fossilif., ha e v e 6oc.. at 88.1
gray. -5-

T.D. - 9.2' RE."hr Al /j'j.'*'.K A. '.!L

1j.8. ARMY ENGINEER OISTRICT. FORT WORTH
cootpo or N ccl

RAY ROBERTS LAKE
..... ELM FORK.TRINITY RIVER, T=.XAS

EMBANKMENT, SPILLWAY AND
~OUTLET W6RKS

El LOGS OF BORINGS 3
- 8A6C-12 AND 6 DC-13

TO ACCOMPANY FOUNDATION REPORT

F,=



H**N.6DC-14

DRILLING LOG I Southwsterq Tt llsrt o . ... . k ..................

A y [ Sito I2o. 1 , ,( sys.Io.T 38.6' to. 46.21

- -. w.l 'race inZ..- b' to of
O.Q, t O t* c sfl - - - action ando uttia
suits CkSa.

........ "' ~B~s.~ Q9 71 W
......... .... , ........ . - - - tpri

I,, cc- U ""Ito -6C 101 .7 M77 ,-olt material 0 4..21, set casi it
* . ,.to 4.01. cleaned out and 0I .0.L c m- .O, z * started &I ore 0 1.7.21 .Sd .. ,. ico ,': ' .-

1m .7.21 to 88.4

0.0' to 38.6' .' After 1. - mp lletttof

W b "si ed. SP.AUl, all. to rwo-noc .

CL45 - t os wPlledto8.' = ,tr (M.j .;
o.o to 18.6- clc,, , I hor *tes moist, -

bdscattered root 751,tikbedded fo
h cteA s~t - 2. Artst 75.1 to $8./., unjointe

lets to 8.6', tan. A. 0.0 to 2.6 and 1.fzkctb , tmnaOer

3 ad, Cray.

18. t , -csl~ m m € 3. Dson arst
18.6 to 33.6 - ni., 1. 2.6 to 4.6 Sndstno beds t the folle

stit, vith IbX ,rld1 2. ..6 to 6.6 depthol
do cressin, vith doph 3. 6.6 to a.6dets
molst to vry moist, J 4. 8.6 to 10.6 47.5 to 47.8, 48.0 to .8.
tan. 5. 10.6 to 22.6 1.8.6 to 48.9, 4.9. to ,9

6: 12.6 to 1.6 50.7 to 51.1, 57.3 to 57.'
_, 7. 14.6 to 16.6 59.1 to 59.3, 62.8 to 62.

8. 16.6 to 18.6 64..8 to 65.0, 65.6 to 65
9. 18.6 to 2o.6 671. to 67.6, 70.8 to 70

7 11. 22.6 to 22.6 71.3 to 72.5, 73.0 to 73
--_ 11. 22.6 to 24.6 4.7 to 74.9, 79.1 to 79

v2. 24.6 to 26.6 812t M4 )bet bedsI 1-
13. 28.6 to 3.6 w 81.2 to w.S
11.. 30.6 to 32.6 - cr=h d vit moderate

jr 26.6 to 28.6 - 15. 32.6 to 34.6 - ount of finger IreSlw.
attempted 3 times to 16. 346 to 36.6
recover s--ae. VIo 17. 36.6 to 38.6 56.2 to 36.8 - hs2 tos r.

-oo , recti .vr7 oae. Pns 1 14
4- " Pe ntr oeter tests 0 4

on bottca of cans,

- __ Cans I thru 7 - 4.5

IL 9. 1.75
10. 2.5

/ 12. .9.7

13. 1.25
14. 1.0

-- 15. 2.0 - 8.. to 90.0'

16. 1.0 .3 ,

5. All core was wtap't(e h MlIr

modular. , 1 2 o , .# , L
Ino altxnt fos actdm~ Ia

Is placed In cartons.Io,-t1 3 tssbz on p. 2

I" 6. B8 casing set to
- 16.0'.L.

17 T.0. - 90.0' - 0.0

900

Core was seperated at *a e L vi

- 7 1.., 1.7.9, 18.3 49.0, 4.9 50.
1. 0, 51.1 51.4., 51.6, 5) 563.
52, 0 61. 2, 62.0, 62 63

71., 1., 79, 74.6, U9., 75.)i i vas rcod as conticumu italks



- ~ ~ a AtvT "It7. Lt*E w....- 8-. juror..

2 2. 60rto 1.3.

SAM and CUV-4 (reo,, 3. 49.0 to 50.0 l 1'6" ;6
only tram, In ttom of 5. 50.6 to 51.6o..
cao 17.), logeea bydU5...aC- -.
action and 018014,s. 6. 51.6 to 52.A6 Schoonover_____..__.__....._

- 7.. 52.6 to 3.6....

D- rM11a into primary 10, 55.; to 56.5 ,...,, ~ ~ ~ c. g,., a.

5 aterial 0 £6.2t, got CS21 4 u* 56.5 to 57.3 * tO.O.l4O 22.5. ,..

5 o4.1ceo uad 12. 57.3 to 58.2 1 ,,,,L D.1.., G. to A4

3 started to*r* 4 67.2'-. 13: 58.2 to 59.1 CIA;:.At~ OF *AltL

a .1. 59.1 to 59.9aA *1
16. 61.0 to 61.9 .111-I

S' 15. 60.0 to 61.0 9 .Ne a___
672 o17. 61.9 to 62.7 to-.12 fe o:~to G

986 is. .62.9 toa 63.9 %C710,Adhl v

9 SP~~~~~7AM, sit. t ,.co 0.1. 19. 63.9 to 65.0 MY amal os 3bie o5.1 i'

ths6 t2 8 1 6.0 to 66.9 2L I

a 7511t22672to& 68 o 8.71 vit,Ct!MOtI.o 2.
2 7.to88, o=Jonted L 23. 68.1 to 69.0 doeftating vith depthZ 2.Us

and ~ ~ ~ v 69.oatrelowt to 69.9 (?lo penetrometer to to 2. 2 a,
25o6. to 70.7 in remarks column), IA . .

9 27. 71.. 3o7. Drsom bbil sboe ex

a~tetr etr. 28. 73.2 to 74.2 utere noted by in
2 2.7. o7. o~ik

)D. 75.1 to 76.10
2 Sandstone bids at the follc Id 31. 76.1 to 77.1

1~ts )2. 77.1 to 78.1 .Drsmo.

4 7.5 to 47.8, U.0 to 43. 33. 78.1 to 79.1 -h 1MJ2
1 6.6 to 48.9, 496 9 . 'U 79.1 to 8.0 .-o.

50.7 to 51.1, 57.3 to 57' 3. 8D.0 to 81.02,.76 .5

09.to59.3, 62.8 to 62. ~ 36 81.0 to 82.0 .o 1. .
064.8 t. 65.0, 65.6 to 65 , 3. 20toI.

0 67.4 to 67.6, 70.to7 U 38. 82.8 to 8318 07 12'

871.3 to 71 8,7. o7 9 38,t 481.7 -0.7 2
76.7 to 71L-9, 79.1 to 19 1.0. 84.8 to 85.8 7. 10.7 - 16.737

012to 71.4, 73.0 t 7313. 83.8 to 86.8a.17-17- 61. 86.8 to 86.8 .1. 2.

8crAihtd with modarat. e 7~~3~8 67-1.

6 - imt in~e1 prssm 4. 88.2 to t8.9u 2.7-W 30Z
2 ~~71 45. 88.9 to 89.9 2A 2 47-2.

9 5.2o 6.~hiyoe~it.13. 26.7 - 28.7

- eotlo very ode. Po,11 The folilolo depth@ U. 28.7 - 30.7 2.75

0056.6 t. 548, 62.8 to 16. 32.7 - )L.7 1.75

6. ~t?'.CttT11 629 669 to 67.2, 72. 7oe a ap

r'etrieve ea was
covered on ,.ooma

0.0 attempt.

88.6' to 90.01 34.71 to 38.7- me - 211.1lto 41.9

recover2' except rs'r 2. 67.5 to 4.8.5
a fine to ined. gried 3. 52.2 to 53.2

wMX=o?; alt. saly, 63.2- Scd from 38.2' t 8.7 4.. 56.8 to 57.7
ondular, fossiltl. loose, trace clay, eay 5. 52.6 to 59.5

wAterlal 38,71~ st .08 = 5. so CASIr set to tw01
to 4.0.01 cen or a

6. Dam., mthods
0.V ~1. 0.0 to2.1 - 81 o

?.. .o qo2. 2.7 t.40.7 -d. b 1l.

0 4.0.7# to 61.2'

sadhard (Pon. ot 45,
7-i~ to thin-bedded, nteuprlf.

tnjointed and %mrcu,2 set th ae aot. suArad (ecept 
,shore 

oted)di
0.2' frectwur, .4th p~
forcod slickensidoo at

Core %as sePoated at the ft dap at eipoyfayt5.1

67.5, 67.9, 401.8, 6.9. 9 A0. ,50. ,50.9, S~nSO2 at the follwin tt4.

59.2, p 1 61.2, 62.0, 62 ,63. ,63. ,64.8, 26t4.3- 'to65.0, VS.0o, 66.9, 67.2, 67 5. 70. 7o. 7,
f.,'.,72.9, 74.6, 764 75. 86 l-ota that core alsl.fsie

ae rnhTtd as* L cotmo- t02.k

5.2 to 69.1 - to, 1118

possible starker bedAL, Ss6oV5.2t
1.0. - 61.2' -
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rll i1500
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22.5

0.0' to 38.71 2.. Attr conpltion

CLA calc., st. nolst I ld to 5.0'. lv6
.7',.4.1t. grd=d. molt wo cckc after 2. bii.

inease vith depth, 2/r2.01.
to 8.7' vith strngth
decreasing vith depth
( p et trmeterai. to. a . 2. Ja:sr

in roes colt=), I 8. 0.0 to ?.7
to tan. Jrsze ae

3 enlson bb'1 sho eXcr
I atore noed b

1e. . 1. .3. 10.7+on c s.

1. 2.7 - 4.7 4.5
2; 4.7 - 6.7 4.253. 6.7 -8.7 4.5

8. e.7 - 10.7 4.25
5. 10.7-12,7 7
1. 12.7 - 14.7
7. 1.7 - 16.7 0.7-
a. 16.7 -18.7.79. 18.72- 20.7 -

I

11. 22.7 - 24.7' 3 .0

123. 26.7 - 28.7 -
1. 28.7- 38.7 2.75

"15. 30.7- 32.7 1.75
16. 32.7 - 34.7 1.75

t i btat C*an1- sampi
slipped cot on 1 _11l

retrieve and van ..
17o ered on reoad

attezpt,
Can A5 - poor

1"S rcovery. Lost 1.01

ca.rto-ns:
47' to 38.7 - no 1.;/1.1 to 41.9

reoov7 except W 14 2. 47.5 to /.8.5
a fine to nod. grined ). 52.2 to 53.2
Send fros 38.21 to 38.7 S.. 56.8 to 57.7
loose, t-AOe CIay, 5 . 5C.6 to 59.5

--- Drilled Into prinary
-tsria.l 4 38.7, set ca 5. 6" caiLr4 st tow
to 40.0' eleand out at
started . r 0.' - 7

6. Drilhljr r.Io:cd
1.0.0to2.7-8 su
2. 2.7 to 40.7 - d.b .
3. 4.7 to 61.2 -6 :

£0.7' to 61.2'

St," U11. to mn-clo.

vnJointod ad a I th up* por lo t., core
,=petb.,<d, Cray, ' p (am*. 5'). RECohr 0hA'W[ ,=-'',\ v h. RlJ[Lr"

092 frctte vthpoor -forad slic wides at

Selmtr featuns,6.N

Sandstone at the follovtn

1.2.6 to AM3. - lni-ad

0 ~.1. .)J, .2.I ~ ~ i
43.3 to 4.0. -scattered c'.0. oat, o 'c . ,o o S,concretio. oi."o 0 *,Q
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S30 1.c yein 1. .tior. C0..letta, bo CWlen,8n --( ~ '
OetS. ~ & 110A. sit I,'st ,!0 .0le o 50'

21,. " 5.0. porforated p1 it;dy
OM ...... Tie i ,: -. 0.6 - . .... ..£ Si...

01.7' a beccoes stiff,
2.6' to 0.01 LAl onsoldated, fat

CIed oC+ndy. 31.t, oeist _baile 2. 45. 0.2' - beooe s gravelly C
br o . lifestone. hard, pl it

510*n.A . t . i- sz 1"; lean, vthP. 65 to 8.0. color hs e.

@.0 0.6 10.00e moist. .

c ~ - s 0. , 1 s t, 0 8 .0 to 5 0 -Y e 1 £ i ' i.£ h b ro o n --0(A .0 0 13.6' - becomes very

2 L-1.6t E t o ia o idt 2e.6 cosoiatd 23.6t

r- - tets, hi Peo0 .1 4 . 27.7to . 7 -7 lanrc oe idlle

red t 5a0.0 to 39.4
0.0 e to jOnt r 1. 15.2 to 46.2 --7.6 --ovu. f

troo ls, le. , ist, D. 0 to _._

-- ronsitior.ol weathe.-i _" .,.oLah Erd, 46 1cotact Q 19.0' - - - . 0 to .0 -7 2lplrlleo

19.0' to ~6€O'C0se silty; mot.*.. 4.-

.oL2 ole., jone r . . B- oi~n 20 - broom, stay. & yulloalha - S
otiae to 22. 6' th1e -22.6.!- brovy

- e o 4 *-Start 4" core at 20.0'--.

1 20.0' to 69.2' L'0.0t. -j"--

--- SHALE. '0 - fo2raCely

C -V X _-t. 3 22-6t tnored~ 23.6.

7 19.0' to 30.8' -n . hSM. - Fno .01S.
1.0 'avith scattered, chin

t - 1..oo I
0Z0 40 . 36.9' - u qe i L- 20.0'- 2G0'. ,..L -O

S Vsthidtd, Oi et

- oul LIl T i =-' yelo-brosa'& gu.y.

U 'en e to 2.-, ---e oj - t " c re a 0 0 - . 7

Z 0- 2.6'.24.a,.s1osim, 4

~floe 0 atgtllacaomzs,.
SHALE f moderat ey 14.

--. r3flsitio2 conta:ct -- 25.0-33.3' - Frodo. -caoide I4L. l0i.ted

. , o 4}6' •"" .... . .- - " "-- 28.2-29.6' - F'oasilifaroo _

36.9' to 42.1' - =. btr -- 893 '- Sodatoo. L-.'L,

• 42.1' to 43.6' - sand1y,
fossilit., Sholey, 1420 .

- 4.6' to 47.25
0.L9 hae., W. mist a

s~atere scatterd, thi

20.01000 2508'. s 4.0 -

43.6' to 43.8' SILTSTOO a -.)o
a. h hrd, can.

47.2' to 40.5'

36-1 t 4. 7-2 .- 96-ostfru C
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__ 33.'.69.2' Un,athertd, U

seo j550 dark Stay, uoderAttlY *I Faling3S0hard,
1_°, .... ... o u ........ brd

o - .vW2S 
36. 5'6.8' SANDST0NE,

0. SOV~IOO CO~l Ot50 odeatoy hdmod-
, eEO-2 erately c , mted. very

..... rs o Is j'i:y 72 ':'fley f.tioe, thinly bedded, &, -

I' ;; Tv, €o€ .cov*v o**.37..4- 
- ollilf¢oc" ',

46.7.47.41 . SANDSTONE

71- H*~
0

I0,V 
47.943.4

eMo- o. Metro S.4-0.6' "o

try~ ~~~~ 5~~~~ ao 554.2'
-- , e ' ' ' " ' -54.6.% .9 -

17.6' A J~t 157.8-$8X
lo. sady-fin.; A .to 1.0' 57.8.58.71 .

dry. I 3.0' to 4.0' 58.2-58.7' - 'A

C- 6.d,' to 7.0' 61.4.61.6'

herooes moist. 0 *19.0' to 10.0' 62..4.9' -ol i 
-

* eo, tf.E 12.0' to 13.0' 64.4.64.9' Fossil- b~Ok f £ . r p /Ai ID -~

toosolidattd, fet F -15.0' to 16.0' i1(o.Os

becomes gravelly C .18.0, to 19.5' 7 66.6166.9'-- SANDSTONE L-0.7

tone, hard, mix 
67.0-67.6'

P't ane, h uch CAROBN 0 s 67.6-68.0' "
1"; loan, r h" 68.5-63.7'chn

e
.

.

tsh brovn. I - 22.3' to 23.3'
2- 29.4' to 30.4CO 

, 1 "

- bcotes very .- 34.0* to 35.0' WIo'

:h more send fines 4 - 36.4' to 37.4
S 46.9' to 47.9
6 49.0: to 49.8
7 52.0' to 53.0'

8 58.8' to 59.8'

iC.

-" 13.6' to 14.1' 43

hard. rounded & 1.1' to 15.1' 72

limestone; m-x
/2"; mady-fine to G Sec rating to 20.0' W, .0 1')

silty. mottled- end started coring

rey, & yellovish- L.11S at that depth.

core at 20.0'---

69.2' L-.,. .

3i. - oder tely
.. 0 nterbedded L-O.'I *.. .... . .... .

atred, thin

W0_- Ion, L-

,,ed, oxide stains,

bron&pery...7 ..

rgillacoou,.
ely cemented.

-. Predtm
7y vith
ta.n/as limiced
ins Planes. &S00I

.6' - Fosiliferou
.' - sandstone 1-
3.'- Sandstone L.

I-... .

i Il
I
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LAICA aP *I*U .ow** Ta..... _ .'b. •.
• o - p .v - -.

3.31.69.2' lj,,a theted, Mi. S
dark Stay. o~erately L..
hard.

36.5'-36.3' - SAICSTO,E
.oTetatef-hard, .od-
*rarely cft.ated. very

.. 'flfie, thinly bedded. RS 't q.S

light Sray-can. o s
37.3-37.41 - FoglaiLlferof G-03
46.7-47.4' - SANWTSTOht
47.9-48.4 . -

$0.4-0.6' -G
$- 3.5-54.2'
54.6.-4.9!
55.3-43.4, -

56.4-56.5'
57.4-38.1' -

58.2.8.7' //n /.k 0/
4
,A

61.4-61.6' -

64.4-64.9'- Vol-M I- SI - lASIo,/fx

66.666.'., SAKOSTOK' L-0."67.0.67.6'- )" "

67.6-68.0'

68.5-68.7' -

to %I

, 7 -7 a-'.

21"PO6Ji1836 1.-aeoTi"oafo"a.Aubrey D.

RECORD DRAWING-WORK AS BUILT

SACT0ION,: 0 OaT( .. 9{CANON or *(OI ION ,,

U.,ARMY ENOINEER DI8TRICT, FORT WORTH
COIRPS OF "NOlNCER-3

FONT .ORTN.TlxAs

RAY ROBERTS LAKE
------- ELM FORK.TRINITY RIVER,TEXAS

EMBANKMENT,SPILLWAY AND
----- OUTLET WORKSLOGS OF BORINGS

8A6C-22 AND 8A4C-25
%ow010 P MVITATION NP4 DACW63 8.5 2.;OAIC MAK006 2

CONTAACT NO OACtW63-Z. C.- 0003 <ot,.c,.. ... ..... ... .. 1 NO° -o t-
I NRE17

___________ ____ ________ _______- - -- -
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, D ore y

Aubrey . . ero, t s . tfl a '. O et p"., Cor M3OrJ ,

_____ anr. h 5t.A.' -U 7'7 "I .... Isittai
A5,t bre5y5 _____ S "1 te 29450 Vest A~beoilnt Cd..

....... _...____ ___ OUSACE.C
,,- - ,1. .. .. ,.. . 1oi....... ,.o -. - -_ -.. ...-*55 - t, ,..'- .. ." -... ."ti 4 ,. ... ,toi 4 HA-27

Jay e- 4.ft.0 Jay Cressesn 0-M

....... W.e 'a ........ .... .. ..............

..... . ,, M.i., . *I -"1 3989 T.91 - 6S.cs o 4so.u.eu. 21,'1""L _;

,. I., CaisPasce. 4iti of, T. .e stleli'o"

_______________________ *i .. i~i5 T~sso. Mo& soya 0inc..0t9 40.0' A

I 5 ,9 .o, 09 t 5.0' W.,50 t. "It.n -,s - - .•mlulaal' "+ ~ ~ 1q.V- 1.1 got. ll*iii.ltL -

I l
14

• , . .l t 1 I aO 0,ss,.~'el

* 5 . a - -I -. 5

0 .0 t o 18 .8 1 a r iR S A M P L E S 
0 .0 ' to 2 0 .6 ' Cl A Y -e t I C

CLAY-dry. lean, loole. A -0.01 to 1.0' .costs*e; very dark gray.

saldy-i2nc. dark Srayso 5 - 3.01 to 4.0' 0 2.11 - btcome colt. '
-- C - .01 to 1.0'

Drows. 9 .0. to 1.0' 0 we t

@ 0.8 betoes fat, still. .-12.01 to 13.0' Q 52 -
wet - 15.01 to 16.0'05.2' - ie stifl

Q 2.3i*€olor changes to G . 18.0' to 19.0' with -- o coarse seed

light gr-yish-brown 21.0' to 22.0' (lime nodulis) with

8.2' becomes very stiff. I " I24.0' to 25.0' _ color chige to grayish.'

mch fatter, cli con- . 27.01 to 28.6' browo
eoldteal with colorQ111 Corchnec

chafse to dark grayish- CA8,2.IIPUS
bre!i mottled-yelloish brown,

( 11.21 becomes lean. I - 33.4' to 34.3' grey, cnd red.

very asody-finre with 2 - 39.01 to 40.0'
color chanhe to yellow- - : 4" .5 to fr.,6. s 15.0' - lloes colre
ish brown. 4 51.0' to 52.0.

Set vasins to 30.5'. - 17.6'- becomes

travelly, well ronded.
Started coring ct 31.5' need, OAK site 112-

I.' to 24.4' (upper gravel deposit - 20.6' to 23.7' OMVEL-
cheved up core 5n hard. rounded, Wa site

SAND-fine, clayey. leas, recovery). 2"-_lcalyey. very lean'

wt, siltyE vsllowlsh" -TES sandy-fine to coarse; C.
broec prE TPiO [ Tyellowish brown.

0 26.9 to 27.4 50 lows -So
27.4 to 28.4 97 Started 4" core at, 2.0,.

H 26.5' to 26.7' SA8N0DSI,
26.9' to 29.0' sailed Nole to .fine-rained, soft, tan,-- llne-frilei ned .~llt
CRAVZL-bard, well rownd- Direct Heasure ol Depth flo tained.
eda . e sle 1--I32 - -- 5' 26.7' to 32.7' SHALE 150
clayey, lean. scody-fise; sandy, moderately hard, Z15'
yellowleh breown grey to brown. slightly

217.0 becomes banded araled, modietely herd LO.O
with -ravel & Sand bed- sandstone hod at 29.3' to

ding. Seod-flne to 3 29.4'. 0

coarse; qticaous : 32.7' to 40.0' SHALIE. L 0.3

o -Start 4" Core at 31.5'-- moderetely hard, dark
gray, fresh.

31.S' to 54.4' ." -_

SHALE, 'coderately hard, .

Oist, dark gr y. * S
fissile, unwethered a
(except for oxide statn-
ing to 33.1). non-
jointed.

0OTAL DEPT - 40.0'.

31.5-31.6 SA'DONEr,1836 --. Aube7
argllarIeascu, maeretely 14 IST i -

hard, modetrtely cement-
ed, thin bedded, v
oxide stained. bak

S 31.1-32.6 SANST E
35.244.1 Interbedded
with thin, very fine,. .

thin bedded. tan-It
gray sandstone seas.$

36.8-37.0 SAlND- 62%.S

340.0 SANDS ONE
39.8-4.0 loSItIf i.

tews51f
41.8-#+2.4 SANIDSTONE£
42.8-43..__._-0.1
44.0.44.1

1 46.9-49.8 Slightly fo,.

- lliferous threoughout. I T

4649.47.1 Saoc9,e with -e

fossil detritus

W 49.6-49.8 Very fossil.iferou. ery well
cemented, claystone
nodules from 49.4 -

49.6.

1 T.-TS.0"7' SSO
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Ot Abstn CL

tAtC' fault SO~ Corp of Encineers raln Ft dt +

S S A4C.27 *D-2 18 1
. , 4,oW.e. s~ Note

Trnlay~hern Cresnsn Co o

** ,~ *,,~ , Ys 22 1 27 He. 72 C3 ....... C3.e.............. O*T.*" 1-2 ''e7*
........ ~ 607,03 at~~ISOOCOP. 36.0' 558,eeoes::e~t .0

*1 25C. C14,i tO' 21 2.' ,'..'~ 100.0...

tOt 6_0.0- tOO toO T.~ Kae sa095s. *I aOt~ 60.0' See Note I under "Remarks"

ts 1.56.84 2.0 -oegAuef
5.*.tt 0 .0. -* 0r

tenetSy-'aar gray. At -'~,s 0.0' ao 1.,0'.7-

A - 3.0 to 4.0 4- DankBO Clay-- Used 8"Augerfrom

(2 2.1' - beroaee soft. C - 60 to 7.0' a Ca 100 Dl 3.0 0-38.o0'

vt 0 9.0' to 10.0' Jar sample taken

112.0' to 13.0' 10flfrmsoe Preacil
0 5.2' - became; stiff r1S.0' to 16.01*5~3 .~10 53 Dnsns~pe
with sore coarse land C 18.0' to 19.0' SA0,P8.ESD

Cios modules) -1th X 0t10 to 22.0' -- JR APE
color tbsnge to grayish-' I Tan Sandy Clay 100 D4 1.0.0'-3.01
kre.m C.eron $*speos

(01.'-Color charge t( T_ 29.9' t 30.8'4 90
mOttled-yello.,tsh br ovn , 2 .32.7' 3o 3.': 0 6 5 10
gray, and red. -36.9' to 37.9'

(15.0' - lease to~re St 
6.to 

to32.0'
sa!d aod becomes loan. E Started coritg at I a1:y 0 O~ 19:.

this depth. I TnCa 0 8 9 0

* 17.6' - becomes 1 910

gravelly. volt rounded, $stied hole to 17.2%. 37_______84___ 10 2 10. 23.0'
hard. "xsi te 112". p2 Tan Sandy Clay 100 DIO 12. 29.0'

m0.6 tos 23.7'4 z 25.01L 100 D1I 14. Z9.0'

2";Iclayty. very lest'
sandy-fine to coarse; a Sadndrae 50 51 16. 33.0'
Yellovish bravo. TnSn n rvl 5 1 6 30

Staetod 4" etce at 2.0'. 598 90 51

26.5' to 26.7' SA~~m 9= Tan Gravel and Sand 2 1
finegraned.sof. tn, Tn Gav.Cleaned out from

fral.snedo. rs*375 DIS 35.5S'.36. 0'

irtbl3 sttt5 D16. Set casing to 36. 0'

26.7' to 32.7' SHIALE. ISO I* Began corlngw/61"
sandy. moerately hsrd, L-I =1 bb 4 60 it. at 38. 0'
gray to broma slightly IL 36.0'-44.91

stalotd Looatl hr SHALE, Mod. Hlard. Non.
sadtt bed at2.3Mo O Jointed, Laminated, Dark

24.0' (Cniud 100'. 1o

32.7' to 40.0' SHALE, L6.3 Gray, Often Sandy w/Th~n R-1 1SENIONSAMPLE:S
moderately hard, dark 4 adtn em. 10 .30.90
gray, froth. A2 Sandstone5 Sandms . _10

44 Med. -Grained, Well. R2 2. 5.0'. 7.0'
.. 51.9 ompacted., Gray, Seat. ,1007 Box 34. : 9 0 :0

46 Thin Tan Stltstona Nodules. 2 4. 9-11010

,.21 41. 7'-4Z. 9', Sandw/Srat. 6. 13. 0'-13.0'
I 48 SLItstone Nodules. R-3 7. 15. 0.17.0'

so 43. 0'-44. 1', SandStaat. B. 8.1.0-9.'I ~ ~~~44. V-.44.S5', Sandstone, 100$Bx~ 1.0.90
Well-Cemented, Mod. 3 9. 19.0'.ZI.0'

52 Hard, Med. .Fne.Graned, 53. Z32.01-25.0'

TOAL0111 :0.' S11. Friable, Gray. R- 11. 25.0-47S.00

~TOTAL 5t0"EM 4e0tStt.0 '"O . 44.51-44.9', Sand w/Silt. 2007 Box 13. V.0'.Z9. 0'

Mr*stto "-brs A.[ to.. t 56 @tons Nodules 4 1.Z.0. .0
44A-2 15. 31.0'.33.01

8.04 Jointed, Laminated, Dark f47& __x 17-___________n,

Gray, W/S"Ar Seams alt.
46.".7.5, 52.9.53.0, CARTON SAMPLES

54.95-57.9, 58.5-60.0. 1. 39.8'-40.8'
47.8'.48.01, Fosetlliferous 2. 43.8'--44.8'

Zone.3. 50.0-.50,8-
Zone.4. 55.3 V-56.31

Total Depth *60. 0' S. .58.8,-59.8.

Note It I
Soils Logged by:
A. 3. Simpson,
'Trinity Engineering
Testing CorporationA

Primary Logged By:
2Aarr, Corps of

Engineers, Fort

Worth District

INsted 4"pasi

Ipsale from 560.34c
Note frm2: 03
to 529. 74 for ground-
water observations.



ubrey Dam sit, No. I -

K.h, ... "-. .;".

z<*,, ... ,,.v ,SL , ,

01 Shown g: itg fn V: 6I¢ e r..
* "*'"€" "" ' , F&Illnr Model 4

ros of EaeneerAM

*Sn tt'nlneR Tetg o L~raone ,.stsas,,e..o.,taw See Note 2
ItttvEtnceing Testinro Co'd. r&toNt
,~CttOw * *O t tct • ,.

w.e.€.,. C ,lti.' _ .. . .... *... * 11-14-72 12-7-7Z

OIll Q- 5cc. 36.0' 11, IL9VAt 6P ft 1"t 558. 84
a0 4 a.0 5¢ 100.0

l., 0e.. O. -ke 60.0- See Note I under "Remark.S..... *,.... tet .. ..... .... .... .. 440 tel,... ....b...
* a .. * . i-,* .

Dark Brown Clay Used 8"Auger from
684 2.0 JI 0.0-3.0

Used 6"d.b. from
Tan Clay 100 Dl 3.0'-38.0'

Jar sample taken -

1 ;00 D2, from shoe of each
Denison sample.

8 - JAR SAMPLES

Tan Sandy Clay 100 4 . 0.0'-3.0

100 05 3. 7.0'
- 4, 9. 0'

100 6 S. 110'
6. 13.0'

106.. f0 D7 17 15.0'

Tan Clay 100 18 8. 17.0'
1 9. 1.0'

20 100 1D9 :to •0'23

2 Tan Sandy Clay 100 010 12. 25.0'
13. 27.0'

2 25.01 100 DII 14. 290'
l _5.0_ 15. 31.0'

2 Tan Sand and Gravel 0 012 16. 33.0'
- - 17. 35.0'

2 .75 D13 18. 38.0'

Tan Gravel and Sand 25 D14--- Cleaned out from
75 D15 35.5'-36.0'

Set casing o 36.0'
37 016 Begancorlngw/6"

284 36.0' _ ; bbl. at 38.0'

36. 0'44. 9' ) D17
SHALE. Mod. Hard. Non- 0

Jointed. Laminated. Dark B-oX
0 (Continuedl 00, 1

Gray. Often Sandyw/ThIn Rl D SNSAMPLES

4 Z S a n d s to n e S e m s . 1 0 0 , 1 30C

39.3'-41.51, Sand, Fine- -3. - . 5.0'- 7.0'
44 Med. -Gralned, Well- 3-; 3. 7.0'- 9.0'

Compacted, Gray, Scat. 100 BOX 4. 9.0'-11,0'
46 Thn Tan Siltstone Nodules. 2 S. 11.0'-13.0'

41.7'-4Z. 9', SandwjSat• 6. 13.0'-15.0' .
48 Satton

e 
Nodule s. R-3 7. 15.0'-17.0'

43.0'-44.1. SandSeams. 1. 17.0'19.01 -
44. 1'-44. 5'. Sandstone, 901 Bo 8. 19.0'.ZI.0'

Well-Cemented. Mod. aJz 10. 21.0'-23.0'

Hard, Med. -Fine-GraLned, 53.0 - 23,0145.01
SIi. Friable, Gray. R"-4 - . 23.0'-Z5.012. 2S* 0'-27.0'

44. 5'-44. 9'. Sand w/SIlt- 20 Box 13. 27.0'.29.0'
56 stone Hodles 4 14. 29.0'-31.0'

44.9'-60.0' _ 15. 31.0'-33.0'
SHALE, Mod. Hard, Non- sox 16. 33.0'-35.0'

8.Jont ed, LAmlnated. Dark 0 5
Gray, wlSandea' so CARTO aAML:
46. -47.5, 52.9-53.0, CARTON SAMPLES

54.95-57.9. 58.5-60.0. 1. 39. B.-40. a,
47.8-48.0, Fossllferous 2. 43.1-'44.81 RECORD DRAWING-WOkK AS BUILT

Zone. 3. 50.0'-50.8'
Z 4. 55.3'.56.3'

Total Depth , 60.0' 5. 58.8'-59.8

Note I-

Soils Logged By:
S. . Stmpson, I I I I I

'Triity Enginoerng"
Testing Corporation; -
Primary Logged By:

0M arr, C orp s of 5 - 0a" 1 o .. " i SCR, o o,,r0.. |ev - -o "

Engineers, Fort U.M.ARMY ENGINEER DISTRICT. FORT WORTH

Worth Distrct C4TP oO NECA(X
r R~~fOOT eOtTO, tCOAS

Note 2. lot- *,

Installed 4" Plastic RAY ROBERTS LAKE
Pipe from 560.34 . ELM FORK .TRINITY RIVER, TEXAS
to SZ9.74 for ground-

=

t5r obevtond- . EMBANKMENT, SPILLWAY AND
OUTLET WORKS

LOGS OF BORINGS
8A4C-26,8A4C-27, AND 6 DC- 28

3t5'T° 01 IN ,,t,,on 50 OACW 382.- 2 IAE-M .k9& -.conrauct .. rcwe3+-r.-¢-, OO 0 Istoor,.ci

[-** -' "---- 
" '.'n'' N'

5(C sol~~ I0. '*o,

______ .. ..... __ _TO ACCOMPANY_ FOUNDATION REPORT



t0.t ~ ~ Souih%".C. F 550t - ~ot Ice" Io.. 9 .. .,.~~~~~4 WA4Y.m ., ~CO
Au t Dam Site N .0 S oeIudfenes

o515CO.... .. ,.- .. ..1

Ust 6" De4

- " 00 .. .... Cr. 3.0'.0.

46.S 46.0
75. 12 .. apl ae

Dark Brown Clay Ulad 10 0 rshe e o"tfrch

Usedl6on Danpse.
4~~~ 100 04 bl ro .1

6 ~ 406D ~ .0'..0

Da6 Brow Clay w/Sa 75 072 Jar 9.0'tke

5 87Le0ns8s 100 03 6.o sho3.0 eac

to. ?.3.0'

.z100 D5 1F 20. 0'.0

13 27.0'
26 5 03 4. 29.0'

28 30 013 s* 1.0'
:o 4100 034 6 . 133.0'

17. 35.0'
Tan and Gray Cay Clyw/1. 70

52 7 3 3 0 SlLan~adlene 100 015 19. 39. 0'

. ~ ~ ~ 0 Gray C1yySn ~~2. 41.01

36.0 213. 46.0'
50 018186-

4. Z9-4. 0'

Tan and Gray CSaydy 6"a w/nso - - a. 370

S2,7 6Z 3 / 0 Silt' an:n Lne 1 0 20 Sha5 19. 9.0
34_ CryCae d10 D 6 " Core 4 b1. at

50 3 .o i 4 6.0 1

ston~trigersnd~ems. 100 2. 5.'170

- 56 nSandtone, leaed BL .1.'3

138 49.0-49.1v , 49 2,an 50 0 8.S 7.836-A1.
515 53.0 570072 D .19 0'19

4 Z T n a d C a 060ye 60.1 60.2 618 R64 9. n so 1 90'
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